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" The Main Drainage of Torquay." 1 
By GEORGE CHATTERTON, M A . ,  Assoc. M. Inst. C.E. 

TORQUAY, on the  northern  shore of Torbay, enjoys the  reputation 
of being one of the most beautiful  and  popular of English  watering 
places. The  growth of the town  has been remarkable. I n  1801 the 
population  was 838, and  the  number of inhabited houses 143;  in 
1871  the population had increased to 21,657, and  the  number of 
inhabited houses to 3,07 L ; the rateable  value in 1815  was 53,516, 
and in 1879 it had  increased to rE113.000. The united  area of 
Torquay,  St.  Mary  Church, 
and Cockington, is 5,264 
acres ; the  present population I 

of these  parishes is about 
30,000, and is rapidly  extend- 
ing,  and  there is every pros- 
pect of an increase  for many 
years to come. 

Various  local  governing 
bodies have  existed in Tor- 
quay. A select Testry man- 
aged the affairs of the  town 
until 1835, when, by  an Act 
of Parliament, the local ma- 
nagement  was placed in  the 
hands of Improvement Com- 
missioners, who did much 
useful work. But  in 1849, 
finding it impossible with 1841 W 7851 7 

their  limited powers to  carry W 5 v -Y 

out  the  sanitary  regulations .8@@ +Q@,@ p 
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Seeing that  the  rapid  growth of Torquay is due t o  its fame as 
a health resort and  pleasant  residential  neighbourhood,  the sewerage 
of the  town  has  long occupied the  attention of the authorities,  and 
has been the cause of much  excitement  and difference of opinion. 
In 1867 an  inquiry  was  instituted  by  the  leading medical  men, 
who  were  alarmed by  the outbreak of what has  been  termed 
‘‘ night-soil fever,” which  was  attributed  to defective  drainage, 
the fever  especially prevailing  where  the sewerage  was defec- 
tive. At this period nearly  the whole of Torquay  was SUP- 
plied with sewers, which  had  supplanted the old cesspools; but, 
as explained by  Dr.  Nankivell,  the  main  sewers  were  constantly 
closed at their  outlets  by  the sea, which at  high  water flowed up 
a considerable way  into  the  town ; many of them  were of in- 
sufficient capacity,  and, the ventilation  being defective, foul gases 
were driven  into  the houses. During  heavy  rain  the basements 
were,  moreover,  flooded, and the discharge of sewage into  the  bay 
had become very offensive in  hot  weather a t  low water. 

The  Upton  Valley  and  Tor  Valley sewers were  designed  from 
time to time  to meet  immediate local wants,  and seemed totally 
inadequate  for the probable future requirements of the  districts. 
Also the increased street traffic, having caused the surface water 
to be  much  more  polluted than formerly,  rendered an improve- 
ment  in  the sewerage  most desirable. 

Torquay  and its suburbs is divided into  three  distinct  drainage 
areas, the sewage  from  which  was  formerly  discharged into 
Torbay  by  three different  outfall sewers. (Plate 4.) 

1st. The Tor  Abbey  district. The upper  part of this  district 
drained  into an open channel, the lower  and  urban  area  into a 
brick sewer, 18 inches in diameter a t   the   uppa  end,  which  was 
enlarged below to  an egg-shaped sewer, 3 feet 9 inches  by 2 feet 
6 inches. The outlet,  known as Corbyn’s Head,  was  cbsed a t  itcl 
entrance t o  the sea, and  thence it discharged into deep water 
through a  15-inch pipe, 600 feet long. 

2nd. The  Upton  Valley  district contains the  bulk of the popu- 
lation of Torquay. The upper  portion is suburban,  and the 
flood waters  are  carried off by an open  channel down to St. M a y  
Magdalen Church. Here  the  channel  is joined by a  barrel  drain, 
2 feet in diameter, carrying the sewage of Upton,  and  also by the 
branch sewers  from  Boston Fields  and  Tor  Hill Road. From thence, 
by  an  irregular course, a sewer of varying size and inclination passes 
down  generally in  the  line of Fleet  Street  and Union Street ; it 
originally  had an outfall into  the bay, at   the level of half tide, 
a t  a point in the New  Road about 300 yards  west of the harbour. 
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At  this  outlet  the  main sewer  was 5 feet  deep by 3 feet 4 inches 
wide, fitted with flaps, and  was  thence continued into  the bay by 
a pipe, 18 inches in diameter  and 300 yards long. This pipe  was 
not of much use except  about the  time of low water. When  the 
tide  had  risen  to  the level of the  invert of the main sewer, the 
sewage was discharged close to  the New Road, a  frequented pro- 
menade, instead of through  the iron pipe, and  in  wet  weather  this 
occurred a t  nearly  all  times of the tide. 

3rd. The sewage of the Meadfoot district  was discharged a t  
the Meadfoot  beach through a  15-inch pipe, with its outlet a t  low- 
water  line. 

The quantity of water  brought  into  the  town  daily  by  the  water- 
works is about 600,000 gallons,  which will  shortly be increased to 
1,000,000 gallons. The  dry-weather flow of the sewers is about 
1,250,000 gallons, the difference being caused by  the streams, 
springs,  and overflow of wells which  have been taken  into  the 
sewers. The storm  waters  bring down a large amount of solid 
matter,  which  is deposited in  the sewers near  the outfalls,  causing 
much flooding and damage to property. 

VARIOUS SCHEMEE PROPOSED. 
In February 1868, Sir Joseph W. Bazalgette, C.B.,M. Inst. C.E., 

prepared a scheme for the diversion of the upland  sewage from 
the low lands  and  from  the  harbour  by  intercepting sewem,  from 
which the sewage  was to be pumped and utilized  upon an irri- 
gation  farm proposed to be established  near  Goodrington. The 
estimated cost of this scheme was 266,000, and it was anticipated 
that  the produce  of the farm would have  contributed  towards the 
expenditure,  and  would  have defrayed the additional cost of 
pumping,  estimated a t  S700 a year. But  the Local  Board, having 
made  inquiries  as to  the cost of working sewage  farms,  were  not 
prepared to  embark in  an  undertaking of EO speculative  a  character. 
Later  in 1868 a plan  was prepared  by the same engineer  to  discharge 
.the sewage into  the sea a t  London  Bridge, but, on careful examina- 
tion  as to the  set of the  tide  at  this point, the  plan  was  not  carried 
out. 

In 1871, Sir Joseph  Bazalgette, in conjunction with Mr. John 
Little,  surveyor to  the Local  Board, prepared  plans for constructing 
a carriage-drive  conjointly with a  main  intercepting  sewer  to  be 
formed underneath it. The road was to be carried  round the edge 
of the cliffs from the  bath saloon to Meadfoot  beach. The sewer 
was to  have discharged into  the sea a little beyond  Kilmorie, and 
the cost  was  estimated a t  S34,OOO. This plan was,  however, 
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abandoned on account of the strong opposition  from the advocates 
of various  plans  for purifying sewage by  irrigation, deodorization, 
and  other means both mechanical and chemical. 

I n  November 1871, Sir  Joseph  Bazalgette recommended the 
construction of an  intercepting sewer  commencing a t  Tor Abbey, 
on  nearly  the same line as has  since been adopted, but  at a lower 
level and  with  an  outfall opposite the  Thatcher Rock. This pro- 
posal also met with considerable opposition. A ratepayers’ com- 
mittee  was formed, but  no decision was  arrived at,  and it remained 
a matter of uncertainty  whether  Torquay should  have  a seaboard 
outfall,  an  irrigation,  filtration, or precipitation scheme, or  adopt 
the  dry-earth system. Under these  circumstances the Local 
Board, in 1872, consulted Sir John  Hawkshaw,  Past-President 
Inst. C.E., who, having visited  Torquay, and  having considered 
the various  plans  submitted  to  him,  reported that Sir Jose1)h  Bazal- 
gette’s scheme with  an outfall opposite the  Thatcher Rock was the 
best, and estimated the cost at 535,000. 

I n  October 1872, a  Local  Government Inquiry  was held, and 
the whole matter  having been  considered, B combined high-  and 
low-level  system, with an outfall at Hope’s  Nose, was  adopted, and 
this design has now been  executed. The  main features of the 
scheme are a  high-  and  a low-level system of sewers. The  high- 
level  sewer commences near  Tor Abbey at   the lower  end of 
Mill  Lane, the  invert  at  this point being 34 feet above Ordnance 
datum; it discharges into  the sea a t  Hope’s  Nose (the eastern 
extremity of Torbay),  where the invert-level is 4 feet above 
Ordnance  datum, the level of high  water of spring tides  being 
+ 8.16 feet. 

The  total  length of the high-level  sewer is 17,030 feet, made up 
of sewers of the following sizes (Plate 5 )  and  gradients :- 

Size. 

2 feet 6 inchea by 1 foot 8 inches, egg-shaped 
1, 

2  feet 6 inches, circular . . . . . . .  
4 feet . . . . . . .  
5 feet 6 inches by 4 feet, oval 
Two lines of cast-iron pipes 3 feet in diameter . 
7 feet, circular . . . . . . . . . .  

,,*. 
. . . . . .  

Length. 

1,000 
1,200 

150 
11,387 

Gradient. 

1 in 120 

1 I, 59 
1 ,, 1,000 
1 ,, 1,000 
1 ,, 1,000 
1 ,,1,177 
1 ,, 1,177 

Total length . . . . . . .  1 17,030 
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The  high-level sewer traverses Torquay  in  almost a direct line 
from  west  to  east,  and  extends  from  end  to  end of the  entire dis- 
trict.  The  construction of a sewer in  such  a  hilly  district  has 
naturally been very  varied  and  interesting.  Out of the  length 
of 17,030 feet, 10,172 feet have been executed in  tunnel a t  a con- 
siderable  depth,  and for the moat part in rock. There  are  three 
tunnels :-The Waldon Hill,  the Meadfoot Hill,  and  the  Kilmorie 
Hill.  The  construction of the  latter was the most interesting  and 
costly feature in the  entire scheme. 

The rocks tunnelled  through from  Waldon  Hill to Hope’s Nose 
inclusive  belong  to  the Devonian system.” A11 the lime- 
stones  are  Devonian,  and of the same horizon. The  other  rocks  may 
be conveniently  termed  Devonian  schists  and  grits ” ; shillet or 
shellet  is  a  provincialism for  schist  or  slate. The  Torquay  lime- 
stones  belong to Murchison’s Middle  Devonian,”  and  the  schists 
and  grits  to his Lower Devonian.” The common opinion is 
that  the Devonian  system is on the same horizon as the Old 
Red  Sandstone, but Mr. Pengelley, F.R.S., a  high  authority on 
the subject, thinks  that  the Devonian Rocks are, on the whole, 
slightly more  modern than  the Old Bed  Sandstone,  thus :- 

MURCHISON. 
Carboniferous. 
Upper  Old  Red = Upper  Devonian. 
Middle Old Red  =MiddleDevouian. 
Lower  Old Red = Lower  Devonian. 
Silurian. 

PENGELLEY. 
Carboniferous. 
Upper  Devonian. 
Middle  Devonian. 
Lower Devonian = Upper Old Red. 
Middle  Old  Red. 
Lower Old  Red. 
Silurian. 

HIGH-LEVEL SEWER. 

The  high-level sewer, at  the lower  end of Mill  Lane,  is egg- 
shaped,  2 feet 6 inches  by 1 foot 8 inches, the  invert  being of Port- 
land  cement concrete, and  the  arch of brickwork  in cement. It 
passes along  the road to  Tor Abbey,  where the sewer is made  cir- 
cular, 2 feet 6 inches  in  diameter, of Ch-inch brickwork, founded on 
and  surrounded  by lias  lime concrete. For part of the distance it 
was  formed in conjunction  with  a  new road from the  end of Long 
Avenue,  intersecting  the  Torbay Road at  right angles.  Where 
the Fewer runs parallel and  near  to  the stream, the concrete foun- 
dations  were  carried  through  the  peat  to  a  solid bottom at a con- 
siderable depth,  and  the side next  the  stream was protected by a 
limestone  rubble  retaining wall, -the sewer being  under  the foot- 
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path of the new road. The 2 feet 6 inches  sewer  extends  as far a s  
Belgrave Road, anti  is, in some places, out of the ground. The 
sewer from Belgrave Road to  where it runs  into  Waldon Hill is 
circular,  4  feet in  diameter, part of it being in  tunnel  through sand- 
stone,  which  was  easily  excavated, and lined with 9  inches of  
brickwork. The sewer from behind  Abbey  Crescent to Waldon 
Hill was  executed entirely in  Portland cement concrete, and ren- 
tiered internally  with cement. The 5 feet 6 inches  by 4-feet sewer 
extends from about 300 feet east of Abbey  Crescent in  a  direct 
line  through  Waldon Hill to  the Rock  Road steps in  Swan  Street. 
The  tunnel is 1,150 feet  long,  and  the maximum depth from the  
surface is 212 feet. The  pumping  station is situated at   the  Rock 
Road steps. Two  lines of cast-iron pipes, 3 feet in  diameter, 
connect the 5 feet 6 inches by 4-feet sewer with a 7-feet barrel 
sewer,  which is continued to  the outfall. 

The coume  of the main  sewer from Fleet  Street is under  Lower 
and  Higher  Terrace  to  the lower end of Babbacombe  Road, and 
from  thence  under the Lower and Middle Meadfoot  Roads and 
Hesketh  Crescent  Grounds to  the Meadfoot  Beach. For a length of 
4,456 feet this sewer is in  tunnel,  the maximum depth being 171 
feet. The  ground met with was  principally  limestone ; but shale, 
etiff clay, and treacherous  heavy  ground  were also pierced, conse- 
quently  the  lining of the sewer  varied considerably. 

A new  roadway and sea-wall  have been constructed  along the 
Meadfoot  Beach (Plate 5). The sewer runs  under  the road, and con- 
sists of a single ring of brickwork,  surrounded with,  and founded 
upon, lias  lime concrete, carried  down to  the solid rock. The sea- 
wall  is of great  strength  to resist  t,he  waves caused by south-east 
gales ; it occupies the  site of a  former one that was  almost  completely 
washed  away by  the memorable gale of October 25th, 1859, when 
the “ Royal  Charter ” was  lost. The  new wall, is 1,900 feet  long, 
and consists of random-coursed  limestone  masonry, backed with 
rubble;  all  the  joints of the  outer face, to a  level of 3 feet above 
high  water of spring tides, are of Portland cement, and  the  rest 
of lias  lime  mortar. The stones are  large  and  carefully bonded ; 
the  parapet is constructed  almost entirely of  headers, which 
at short  intervals  are  built  into  the  wall  to a depth of  more 
than 3 feet. 

From Meadfoot  Beach the sewer  passes into  Eilmorie Hill, 
and is carried in  tunnel  to Hope’s  Nose, a length of  4,564 feet; 
this was the most important  tunnel,  and gave  rise to considerable 
difficulties. The  nature of the rock varied  greatly ; in Some places. 
it was an argillaceous  siliceous pit, with bands of pure  quartz, 
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and  extremely  hard ; in  other places it was of a  shaly composition, 
while  near  the outfall it was limestone. Almost  the whole length 
of this  tunnel  was  lined  with  either  brick or Portland cement 
concrete. 

LOW-LEVEL SEWERS. 
The low-level  system receives the sewage of about  one-tenth of 

the population of Torquay;  the  total  length is 5,184 feet, as 
follows :- 

l Size. 

12-inch pipe . . . 
99 9,  - - 
,. ,, . . 
3, ,, - 

15-inch ,, . . . 
3-feet barrel sewer. . 

Total  length . . 

Length. 1 Gradient. I Localtty. 

Feet. 

1,200 j( l i n  1 ,, 3 0 0 )  45 
300 1 ,, 100 
317 

1 ,, 500 500 
1 ,, 500 660 
1 ,, 350 2,207 
1 ,, 130 

Beacon  Terrace. 
Market Street. 
Vaughan Parade. 
Torbay Road. 
Strand. 
Swan Street. 

All the pipes  are  .jointed in  cement, surrounded  with concrete, 
and made as  water-tight  as possible, the  rainfall  being  admitted 
into  the old sewers. The  invert of the 3-feet barrel sewer at  the 
pumping  station  is  3. G feet above Ordnance  datum ; the  invert 
of the high-level sewcr at  the same point  is + 13.8 feet,  being 
a lift of 10.2 feet  from invert to invert.  The  low-level sewage is 
lifted  by a water-pressure  engine,  with  pumps in duplicate,  capable 
of lifting 14,000 gallons  per  hour.  The  pumps  are  worked  by a 
head of 250 feet of water  from  the  town  main,  and  are  arranged 
with  automatic regulators, in  such a manner  as  to  require no super- 
intendence. 

At an early  period in the  construction of the works, a  storm- 
overflow was  made to relieve the  existing  Fleet  Street sewer, 
until  the  high-level  sewer  was completed ; it is 850 feet in  length 
and 4 feet in diameter,  constructed  entirely in  Portland cement 
concrete. The  invert level at  the  outfall  at  the sea-wall, Cary 
Green, is  4.9 feet  above  Ordnance datum,  and 12.8 feet at   the 
point  where it joins the old sewer. Almost  immediately on its 
completion the  utility of this overflow  was clearly  demonstrated; 
for, after  a  heavy  rainfall,  the  land  water  and sewage  coming down 
Fleet  Street,  being  intercepted at  a high level,  were  carried  direct 
into the bay  instead of into the basements of the low-lying pro- 

L 2  
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perty,  where formerly, after even  a moderate rainfall, it had  damagcd 
property  to  an  amount  in excess of the  total cost of the new  over- 
flow ; this overflow is now connected with  the high-level sewer. 

PSOGRESS AHD CONSTRUCTION OF THE WORKS. 
In March 1875, a contract  was  let to the Messrs. Bell,  comprising 

the construction of the  high-  and low-level system of sewers, with 
the sea-wall and roadway,  for a sum of %38,446 ; Sir Joseph 
Bazalgette  being the Chief  Engineer,  and Mr. G. Phillips  the 
Resident  Engineer. The contractors soon commeuced operations 
a t  the  tunnels a t  Waldon  Rill, Meadfoot Rill,  and Icilmorie Hill, 
and  at  the sea-wall ; but  the work  progressed  slowly and unsatis- 
factorily, as unexpected difficulties were  met  with. The rock at  the 
Kilmorie  heading, although  hard  and difficult to  get out, became 
soft  and  friable  immediately on exposure to  the atmosphere, so as 
to  require  timbering  during  the progress of the work,  and  event- 
ually brickwork  or concrete lining;  water came into  the  heading 
in considerable  quantities, and  the work at   the various  shafts was 
equally  unpromising  for the contractors. In January 1876, the 
contractors  suspended  operations,  having  executed  work to  the 
value of about 58,000. 

The Local  Board  being  anxious to  get on quickly  with  the 
works,  fresh tenders were received in March 1876 ; but  the  result 
perplexed the  authorities more than ever. All  the  contractors 
who tendered  were afraid  to  undertake  the completion of the  tun- 
nelling a t  a  moderate  price ; the lowest of the tenders  was 575,000. 
This did not  include  the sum paid to Messrs. Bell, the cost of 
lining  the  tunnel,  the pumps and pumping  station, a  new  road, 
and  an extension of the  high-level sewer, the  Fleet  Street  storm- 
overflow, payment of compensation and cost of easements, engineer- 
ing  and  law charges, all of which  would  have  involved a total 
outlay of 5103,327, while Sir J. W .  Bazalgette's  estimate  for the 
same  amounted to only 565,000. 

In the face of such  financial difficulties the Local Board, acting 
under the advice of Sir J. W. Bazalgette,  determined not  to accept 
any tender, and  to execute the work  themselves by administration. 
A commencement was  immediately made,  Mr. G. Phillips  acting 
as Resident  Engineer,  with ]fr. J. T. KQugh, Assoc. M. Inst. C.E., 
Mr. J. R. Grimsham,  Assoc. M. Inst. C.E., and  the Anther as as- 
sistants. The work was  pushed on as  rapidly  as possible, the 
whole scheme being completed and  formally opened on the 24th of 
August, 1878, two  years  and five months  from  the  date of the 
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Local  Board commencing  operations. The  total cost of the scheme 
to  the Local  Board  was ;E66,145, a  saving to  the town of %37,182, 
or  nearly 36 per  cent. by  not  accepting the lowest  tender. The 
execution of the works  has involved a rate of about 7 d .  in  the pound 
on the present  rateable value. 

The Waldon Hill tunnel is represented in  Plate 5 ;  it was 
driven from the extreme open-faces a t  Torbay Road and  Swan 
Street.  Out of a total  length of 1,150 feet the contractors  had 
executed 493 feet;  the  remaining 657 feet were pierced in  thirty- 
six consecutire  working weeks, or an average of 9 * 12 lineal  feet, 
or 6 75 cubic yards of rock at each face per week ; the maximum 
advance  was 16 feet, and  the  minimum 4 feet. The rock was 
limestone of a  uniform  nature,  with occasional cavities covered 
with  nail head crystals;  there  was  very  little water.  Each face 
was let  by piece-work to a  miner, and  three  men worked at  it, 
one  holding  and  two striking  the  hand  drill.  The  work  was 
carried on by day and night in two shifts.  Dynamite wa8 used 
throughout,  but occasionally the men  preferred  to fire a charge 
of powder  first, and  after  the rock had been shaken a charge of 
dynamite  was inserted. When  the  tunnel  had been entirely 
driven, the  invert  was  lined  with  Portland cement concrete of 
an  average  thickness of 6 inches. The  tunnel  was  set  out  hy 
fixing  a  theodolite on the roof of a  house in  the  centre  line  about 
the middle of the hill. The  line of prolongation  was  then de- 
termined,  and the  centre  line fixed at   the face of each heading 
on file marks on two  dogs  about 16 feet apart ; the  line on the 
dogs  was  repeatedly  transferred  inwards  by the instrumeut,  and 
on the junction  being  made no error was  found. 

The Meadfoot Hill  tunnel  (Plate 5) is 4,458 feet  long. Of this 
length  the  contractors executed  only 247 feet. It was  originally 
intended to  have  driven  the  tunnel from seven shafts, of which 
Nos. 5, 8, 9 and  part of No. 7 had been sunk  by  the  contractors; 
but on the  work proceeding it was resolved to abandon Nos. 7, 
10, and 11 ; a small  shaft  for  ventilation  was however sunk at   the 
site of the  latter.  The  advance a t  each face in  feet  per week was :- 

15.72 ' 15.65 1 15.92 ' 17'47 13.25  11.60 
I 

l 

Number Of workinf}l 60 I 59 1 11 1 23  55 1 17 
28 6 

---I ---- - 
weeks . . . 
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When  the  ground was soft it was taken  out  in 12-feet lengths 
and  timbered, as shown on Figs. 1 t o  5 ; the  bricklayers followed 
the miners  into  the  heading  immediately  a  length  was excavated. 
The general  thickness of the  brickwork was 9 inches, but  at  the 
face No. 5 west, 14 inches  were  required  in  the  arch  to  prevent 
crushing ; the work was set in blue  lias  lime  mortar.  The  bricks 
were  made in  the neighbourhood at  Torre  by W. Thomas  and CO. ; 
they  were red, hard  burnt  and pressed, well  shaped,  and  free 
from lime. The  greater  part of the  tunnel, more particularly  that 
between Nos. 9 and 6 shafts,  was in limestone rock ; it was  taken 
out  roughly  to  a  diameter of 8 feet 6 inches. The  driving from 
each pit was let  to  a  miner a t  so much  per lineal  yard;  the 
blasting  m aterials,  candles, &C., were sold to  him ; and  at Nos. 9 
and 5 shafts  he was  required  to  bring the excavated  material  to 
the surface, which  was done with  a  windlass  by  manual labour. 
At No. 8 shaft  an 8-HP. horizontal  winding  engine, with  a  drum 
4 feet in.  diameter,  was erected, while No. 6 shaft was  worked by 
a 4-HP. winding  engine  that also  actuated  a pump. The work 
was  carried on night  and  day  in  two  shifts ; each face was  fired 
three  times  in one shift, five to  six holes being  fired each time. 
The holes varied in  depth from 2 feet  to 2 feet 6 inches. Six men 
were  stationed at each face, two  holding  and  four  striking.  The 
average  charge  was  two  dynamite cartridges  and a  primer a t  each 
hole. As the men had t o  pay €or all  the  dynamite,  they took care 
not to  waste it by  firing  shallow holes. The  water  in  this  tunnel 
did  not seriously interfere  with  the progress. At No. 9 shaft a 
pipe  was  laid  from  a  sump to  the old sewer a t  a lower level ; a t  
No. 8 the  water was lifted in skips ; at No. 6 it was  pumped in 
considerable  quantities ; while a t  No. 5 the  water was allowed to 
gravitate  towards  the beach, where it ran  away  freely. In  all cases 
a drain pipe, varying from 9 inches  to 4 inches in diameter,  was 
laid  under  the  invert  to convey the water  from  the  heading,  and 
the excavated  material  was run out on a  small  trolly on light rails. 

The concrete lining was not commenced until  all  the  junctions 
had been  made. The  centering employed is  shown  in  Plate 5. It 
had  the  advantage of not  obstructing  the way through  the sewer 
while  in place, and also of being  easily  struck. The  question 
of lining a sewer in rock is important as  regards cost, and  there 
can be  little  doubt  but  that  Portland cement concrete is  the 
proper  material  to use. In  the neighbourhood of Torquay it can 
be employed  at 20s. per  cubic  yard,  while  brickwork in mortar 
costs 35s. per cubic yard ; besides, concrete lining does not  require 
any skilled  labour. I There  are, of course,  some localities in which 
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it is almost impossible to  get  ballast, or suitable  broken  stone  and 
sand.  The  concrete was composed of 7 measures of broken lime- 
atone  and  sand  to 1 measure of Portland cement. The  limestone  was 
broken  small,  and the sand was in sufficient quantity  just  to fill the 
interstices;  the  minimum  quantity of water  consistent withthorough 
mixing  was added, and  the whole  was  well  rammed in  thin hori- 
zontal  layers  between  the rock and  the  laggings.  There  is no 
reason why  concrete  should  not be  used for lining sewers in  soft 
ground  as  well  as  hard,  by  employing  centering  such as that shown 
in  Plate 5. If there is much  water it is not  advisable  to do so. 
The poling  boards  can  easily be kept back by supporting  them 
with  bricks  laid  end on and  then  built  in ; but  any  saving  in cost 
is soon lost in  extra  pumping  consequent on the  delay occasioned 
in  the progress of the work  by  having  to  leave in  a long  length 
of centering.  Concrete blocks are  an excellent lining;  they  have 
the  advantage of being  much  cheaper  than  brickwork,  and  should 
be small  and  easy to handle. 

The  ventilation of the  tunnel was effected by  driving  air  with  a 
fan worked  by hand  into  the  heading  through  a  6-inch wooden shoot. 

While the contractors  were a t  work at  the  Eilmorie  tunnel 
they  sunk Nos. 1 and 2 shafts completely, and Nos. 3 and 4 to the 
respective  depths of 156 and 161 feet. Of the  tunnel itself they 
had  driven 554 feet at  the Kilmorie face and 199 feet  from No. L 
shaft,  leaving 3,799 lineal feet for the Local  Board to complete. 
On commencing again  at Nos. 1 and 2 shafts, and at  the outlet, 
the progress  was  very slow.  Some members of the Local Board 
got alarmed;  and  in  June 1876, the Board passed a resolution that 
the working at  all  the headings,  except  the  Kilmorie one, should 
be stopped, with  a view of making the outfall opposite the 
Thatcher Rock. The  only  result of this resolution  was that  the 
work  was  stopped  for  nearly  two  months, at  the end of which 
time  the resolution  was rescinded, and  again it was determined  to 
carry  the outfall to Hope’s  Nose. The rock at  No. 2 face west, and 
at Hilmorie,  was  extremely hard; various  gangs of miners  tried 
their  hand at  it, but  all  alike were  unsuccessful;  the  progress  had 
fallen to 8 and 10 feet a week at  some  of the faces; indeed SO 

hard was the rock that it broke  the edges of twenty  drills to  bore 
1 foot, and  then  only  a  small hole could be made. It became 
evident  that  further measures must be taken to  push  the work 
on faster, and  the  question  arose  whether it would be better to 
sink Nos. 3 and 4 shafts  to  their  full  depths  and t o  drive from 
them,  or  to  purchase  rock-boring  machinery,  and  drive from liil- 
morie face and  the  west face of No. 2 shaft. By  adopting  the 
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former  method it would  have been  necessary to  place a 12-HP. 
engine  and a  pump a t  both Nos. 3 and 4 shafts; for, on account 
of the  extra  depth  and  the  large volume of water, a horse-gin, 
working  two  skips as  at Nos. 1 and 2 shafts,  would  have been in- 
sufficient. Also, there  being  no  roads  to the shafts, carting coal to 
such  a  height would have been  expensive. Sir Joseph  Bazalgette, 
therefore, decided to use  rock-boring  machinery, he being of 
opinion that  the work could be  thereby done  more cheap and 
rapidly. It was further decided to use the Ingersoll rock drill, 
and Sturgeon’s  high-speed air-compressors. 

By  the first week of January, 1877, everything  was ready. 
Three air-compressors were placed at  the foot of the  hill  opposite 
the face of Kilmorie  heading;  one of them  had a single  steam 
and  a  single  air cylinder,  each 6% inches in diameter an3 
9 inches  stroke ; the others  had  each  two  steam  cylinders 6 5  inches 
i n  diameter, and one air cylinder 8% inches in  diameter, and 
9 inches  stroke. Each compressor was  mounted on a  cast-iron  air- 
receiver, and compressed air was conveyed to  the  top of NO. 2 
shaft  in  wrought-iron steam tubing If inch in  diameter,  laid on 
the ground  over the hill a distance of about 3,400 feet, and also 
into  the Hilmorie  heading by a  pipe of the same  diameter. An 
air-receiver, 140 cubic  feet in capacity,  was placed a t  t.he entrance 
of Kilmorie  heading, and a smaller  one at  the surface a t  NO. 2 
shaft.  Steam  was  supplied to  the compressors by vertical boilers, 
in the  aggregate of  22 HP. There  were  two rock drills a t  Kil- 
morie, and seldom  more than one drill a t  No. 2 west. The 
drills were  worked on vertical  columns 3 to 34 inches in  diameter 
fixed at  the face, and were connected with  the  iron  tube  by a 
50-feet length of india-rubber  steam hose, covered with  tar  yarn 
and fitted with  gun-metal couplings. The  air  at  the compressors 
was, as a  rule,  maintained a t  from 65 lbs.  to 55 lbs.  per  square 
inch above atmospheric pressure. The number of holes drillea 
by thO machines a t  Kilmorie  and a t  No. 2 shaft  varied con- 
siderably. At Kilmorie, with  two machines, and  in fairly h a d  
rock, about ten holes were  drilled to a depth of from 1 foot 
6 inches to 3 feet 6 inches in one shift.  The men  made three 
eight-hour  shifts in  the twenty-four  hours, and fired the holes 
twice in  each  shift. Two men were employed at each drill  with 
a spare  man to lend a hand,  and  to assist i n  changing  the 
position of the drill,  or in  putting  in a fresh  bit. No systematic 
method was  followed as  to  the  exact position and direction of the 
holes; it altogether depended on the hardness  and  the plane of 
stratification of the rock. The method  adopted  was to  put  the 
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hole in such a position that, on being fired, it would, in the 
opinion of the miner,  blow  out the  largest  quantity of rock. As 
a  rule, the holes were so arranged  that  the  charge should lie 
immediately  behind the plane of stratification; by  this method 
the minimum  resistance is offered to  the explosive. At NO. 2 
shaft  the progress  was  less than  at  Kilmorie, the rock being  much 
harder, and  there  being  many  disadvantages  that  did  not  exist 
a t  Kilmorie. The rock was  excavated by both hand  and  machine 
labour;  as a general  result it was  found that,  with a 2i-inch 
Ingersoll rock drill  under a pressure of 55 lbs. of air per  square 
inch,  there  were  drilled on an average  three holes for one hole 
bored by  two  first-rate miners. With  the machine the absolute 
rata of boring  varied  from 1 inch  to 3 inches  per  minute, and 
sometimes reached 5 inches  per  minute. 

The  drill  bits were in  the form of a cross, the hole  being com- 
menced with a 14-inch, and finished with a l-inch  drill bit. A 
hole 3 feet  deep  was usually  charged with  three  dynamite car- 
tridges  and a primer,  weighing  about fr lb. ; the  fuse  left  outside 
the hole  was of sufficient length  to allow the men time  to  retire 
about 100 yards from the face  before the explosion  took place. 
Piece-work  could not well  be  adopted in  working the drills ; but  to 
encourage the men  for  every  lineal foot driven  over 52 feet per 
Meek a t  Kilmorie  and 15 feet  per week a t  No. 2 shaft, a premium 
of Is. t o  each man  was  given. 

One  of the  great  advantages of compressed air in tunnelling 
is  the ventilation  thereby  obtained.  The  heading  was  always 
cool and pleasant to work in.  Immediately the holes were  fired, 
as much air  as possible was  sent in, and in  a few minutes the men 
could return  to t,heir  work. The average  progress in feet  per  week 
is shown in  the following  Table,  from  which it will  be seen that 
the progress a t  Kilmorie  was increased by  using  machinery in the 
ratio of 3.33 to 1, and a t  No. 2  west, of 2.19  to 1. 

Hand Labour. Rock-boring 
Machinev. 

Working Face. 

morie. West. 
Kil- I No. 2 go? 1 No. 1 I No. 1 I 

West. East. Outlet’ West. morie. 
No. 2 Kil- 

Average progress . 12.21  8.65  12.09  12.45 9.2 7-64 28.47  18.97 / / / i / 1 / /  
Number of working )l 32 I 20 1 31 1 37 1 25 1 14 1 42 1 41 

weeks . . . . 
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In  the Kilmorie  tunnel, as well  as  in  the Meadfoot tunnel,  the 
setting  out of the lines  and levels  required considerable care. The 
greatest  error in  the junctions  was 3 inches in  the long length 
between  Kilmorie and No. 2 shaft. There was  also an error of 2 
inches  between Nos. 8 and 9 shafts ; but  in  the other places there 
was none. The lines  were  got from the surface to  the bottom of the 
shafts in the usual  manner, copper wires  being used with heavy 
plumb-bobs  attached. The  shafts  were 6 feet square. On account 
of projecting pieces of rock, i n  some  places the  lines were  not more 
than 4 feet  apart.  All  the  levels were satisfactory;  there was only 
an  error of 3 inch in  the  Eilmorie  tunnel,  when  the  levels  taken 
over  the hill and down No. 2 shaft were checked by those  carried 
through  the  hill, 

As the Ingersoll  rock  drill’  did good work a t  Torquay, the 
Author  thinks a short  description of it will  not be out of place. 
The drill is made of various sizes, the one used a t  Torquay 
being “ No. 5,” with a cylinder 24 inches in  diameter. It is 
able to deliver  hard successive blows, with  great  rapidity,  by 
a piston  driven by compressed air or  steam. The piston has 
a motion of rotation  as  well  as of translation, and as the  drill-bit 
penetrates the rock, the machine is caused to move forward  by an 
automatic  arrangement.  The  backward and forward  motion of 
the piston is accomplished thus : Suppose the piston is about  to 
move forward,  t,he compressed air is admitted  through a port 
and,  acting on the back of the piston,  pushes it forward until  the 
shoulder  strikes the  top  valve  tappet.  This  tappet,  by means of 
a valve  stem,  mores  a  slide-valve so that  the  port is connected 
with an exhaust,  and  the compressed air is admitted to  the front 
of the piston  through a second port; t.he backward  motion 
,of the piston moves the slide-valve in  a similar manner. The 
motion of rotation  is effected by a spirally-grooved rod or rifle 
recessed into  the back of the piston. This rifle is only capable of 
:L motion of rotation; consequently  when the piston moves baek- 
wards  or  forwards i t  must either  rotate on the rifle  or  makc the 
rifle rotate  with it. At the end of this rifle there is a ratchet, 
which is prevented from rotating  in one direction by  two pawls, 
one of them  being  always  kcpt down by a spring.  When the 
piston makes its forward stroke it does not  rotate as the  ratchet is 
free ; but on the backward  stroke the  ratchet is fixed, consequently 
the piston  rotates on the rifle. The amount of rotation  when the 

This drill is illustrated and described in “ Tunnelling,  Explosive Compounds, 
and Rock Drills,” by Henry S. Drinker. 4to. New York, 1878, p. 195, and in 
<‘ Mining Machinery,” by Geo. G .  Andr6. 4to. London, 1877, vol. i., p. 33, and 
Plate XXX.-SEC. INST. C.E. 
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drill is  not moving very  rapidly depends  on the  length of the 
stroke  and  the  twist of the rifle ; but when the motion is rapid, 
say four  hundred to six  hundred  strokes  per  minute, the impetus 
given is so great  that  the piston  rotates on the forward  stroke also. 
The feed is very  simple. When  the shoulder of the: piston has 
nearly reached the  limit of its forward  stroke it delivers an  impact 
to  the feed-tappet; this impact is conveyed to  the back of the 
machine,  and  by means of a pawl  is  delivered on to a ratchet, 
which it causes to  rotate ; to  this  ratchet  is  attached  the feed screw 
that moves the machine forward. The  impact  given  to  the feed- 
tappet is conveyed to  the feed-ratchet ; thus,  the piston striking 
the feed-tappet moves it and also the feed-t.appet arm  with which 
it is connected. This feed-tappet arm  strikes a tappet  attached  to 
the feed-spindle and gives it a slight motion of rotation. At  the 

other  end of the feed-spindle there is attached  a  knuckle  joint,  and 
in it fits the feed-pawl which is kept  in contact with  the feed- 
ratchet  by a spring;  thus for  every  impact received by  the feed- 
tappet  the feed-ratchet receives a  corresponding one, and  the machine 
is moved forward accordingly. The  weight of the  drill is about 
120 Ibs. ; it is worked with ease on a tunnel column, and a hole can 
be bored in  almost any position. The wear of the  drill  was  not 
very  great.  There were  six drills  altogether, so that in case of a 
breakdown of any one, or all three, of the  drills  at work, they 
could be replaced a t  once. The  working  parts  are easily  reinstated, 
the valve  tappets  as a rule  are  the first to go ; if they  are a t   a l l  
brittle small pieces of steel  fly off and cause great damage to  the 
cylinder. The mechanical appliance by which the valve is worked 
has  frequently been urged  as an objection to  the Ingersoll  drill, 
and is to  some extent  well founded, as  after a time no  doubt a leak- 
age of air  takes place through  the passages in  which the valve- 
stems work. A drill  has  recently been  made  following the  lines of 
the Ingersoll closely1 ; but  the  valve is moved only  by  the power 
that  drives  the  drill,  instead of by  tappets, &c. Not  having  had 
any practical  experience of how it works, the Author  is  unable to 
speak of its merits. 

A great loss of power takes place in  boring rock with  machinery 
worked  by compressed air.  There is a loss at   the compressors, a 
loss at the  drill,  and a serious loss is occasioned by  the  friction  to  be 
overcome in  driving  air  through a long  length of pipe. From  experi- 
ments  by  the  Author it was  found that, for  continuous  working of one 

* A specimen of this drill, which is called the “ Eclipse,” was lent by Messrs. 
Hathorn  and Co. for exhibition on the occasion of the  reading  and discussion of 
Mr. Chatterton’s Paper.-SEc. INST. C.E. 
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drill at No. 2  shaft, the  air  having  to pass through  about 4,000 feet 
of 15-inch pipe, and with  the  air maintained  to  a  steady  pressure 
of  60 lbs. per  square  inch above atmospheric  pressure at   the re- 
ceiver  near the compressors, a steady pressure of 55 lbs. per  square 
inch could  be  maintained,  showing that for the above  pressure  a 
loss of 5 lbs.  per  square inch was caused by  frictional  resistance in 
working one drill a t  a distance of 4,000 feet with a  15-inch pipe. 

In  erecting  rock-boring  machinery it is most important  to  in- 
vestigate  the  question of frictional resistance. It would evidently 
have been  wiser to  have  laid a larger  pipe from the compressors 
t o  the far-off drill,  but  with a  Local Board the question of original 
outlay is generally the one of most  importance. 

The volume of compressed air consumed by a 2fr-inch Ingersoll 
rock  drill,  driven a t  five hundred  strokes  per  minute, is equal to 
9.04 cubic  feet a t  whatever  internal pressure there  may be. In 
investigating  the resistance  due to  friction, the Author  had 
recourse to Professor  Unwin’s  valuable Paper  Investigation of 
the motion  of light carriers in  pneumatic  tubes  when the  air is 
in  continuous  or  permanent  motion,”’ and  he believes that for all 
practical  purposes the  formuls  there given  are sufficient. Taking 
the case where with continuous  working  a  steady  pressure of 55 lbs. 
per  square  inch above  atmospheric  pressure  can  be  maintained a t  
the  drill,  to  get  the  weight of air used  per minute p v = 27,690 
foot-lbs., wherep is the pressure in lbs. per  square  foot = 144 X 
( 5 5  + 15) and v the specific volume of the  air (volume of 1 lb.), 
therefore v = 2.747; but as the  drill consumes 9.04 cubic  feet of 
air  at  the same pressure, the  weight of air consumed per  minute is 
3.254 lbs. When  the  terminal  pressures  are known, the  weight 
of air used per  minute can be  found; or when any  two of the 
variables  are  given,  the  third can be found by  the formula.2 

where W = weight of air used in  lbs. per second. 
p1 = pressure a t  compressors in lbs. per  square foot. 
p .  = pressure at drill  in lbs. per  square foot. 
d = diameter of pipe in  feet. 
L = length ,, 9 ,  

T = absolute  temperature  Fahrenheit = 521’. 
= coefficient of friction = 0.028. 

Taking  the case in which the experiment  was made, p ,  = 144 
(60 + 15) p,, = 144 (55  + 15); from  this 60 X W = 3.250 lbs. 

Vi& Minutes of Proceedings Inst. C.E., vol. xliii., p. 263. Ibid., p. 271. 
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per  minute,  or almost the identical  quantity  the  drill is calculated 
to consume. The  amount of space  occupied by  the clearances is 
about  17  per cent. of the  total volume of air used by  the drill. 

The  Author considers it unnecessary to describe  such a well- 
known machine as Sturgeon’s  high-speed air-compressor.l In 
working, some difficulty  was  experienced in keeping the delivery 
valves in  repair. Of the different kinds of valves used,  one 
covered the hole in  the valve  seat,  and  was  held up  by  the  flat 
springs  which  were  constantly  breaking, so that  the compressors 
were not  working  half-time.  Another  was  an  ordinary  three- 
winged  valve, the  wings  fitting  into  the hole ; but  in consequence 
of their  small  surface  the wings wore away  very  fast,  and  cut  the 
holes in  the  valve  seat so much out of shape, that  the  spring 
would not hold it up  to  the face ; consequently it was abandoned. 
A third was  cast hollow, and was  held up  to  the face by  an  iron 
pin screwed into  the  cylinder cover ; but  constant knocking against 
the cylinder cover burred  up  the end, and occasionally fastened it 
on to  the pin, so that  the  spring would not force it up  to  the face; 
and  in some instances the pin knocked off the thimble,  which  got 
into  the  air cylinder,  doing  a  great  deal of damage. A fourth  was 

. designed by Mr. G. Phillips,  and answered  exceedingly  well ; the 
wearing surface  being increased during  the whole time it was a t  
work  there  was  not a  single  breakdown  under any circumstances. 
The  three  last mentioned were  held up  to  the face by a  spiral  spring. 

When  the  junction  was made between No. 2 shaft  and  the  Hil- 
morie  heading, a considerable  amount of time  was  spent in taking 
out  the bottom that had been left  in,  and  trimming  the rock pre- 
paratory  to  lining it. A sub-drain  stoneware  pipe, varying from 
6 inches to 3 inches in diameter,  was Iaid under the  invert  in Port- 
land cement concrete  almost throughout  the  entire  length of the 
tunnel,  which  was  thus  kept  free from water,  and  the concrete 
lining was put  in  without difficulty. I n  some places, where the 
rock was fh-m at  the crown of the tunnel, the  invert alone  was 
lined,  only a short  length  being sufficiently trimmed  not to re- 
quire  any  lining. 

The explosives tried on the works  were  gunpowder, gun-cotton, 
cotton powder or  tonite,  and  dynamite No. 1 ; the  latter  was  far 
the most effective and economical, and  in a short  time it was used 
t o  the exclusion of all others.  Powder  was  comparatively of little 
value in  very  hard  rock; gun-cotton  had not  the same power of 
disintegrating  the rock that  dynamite  had ; while,  when  tonite 

~~ 

Vide ‘‘ Engineering,” October 23rd, 1874 ; and ‘‘ Colliery Guardian,” March 
22nd, 1878. 
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was  tried, the fumes  generated in  the heading  were of so noxious 
a character that  the men refused to use it. About 11 tons of dy- 
namite were used without a single accident. The dynamite  was 
kept in  a small  magazine near Hope’s  Nose, and a supply was got 
out  daily for the men. 

The high-level  sewer is ventilated by openings a t  thirteen places, 
as follows :- 

No. l shaft. 
No. 2 shaft. 
Kilmorie. 
Two on  Meadfoot  beach. 
No. 6 shaft. 
No. 8 shaft. 

No. 11 shaft. 
Pumping station. 
Off Torbay Road. 
Two on 2 feet 6 inches sewer. 
On 1 foot 8 inohcs by 2 feet 6 inches 

sewer. 
There is a  chamber  fitted with a hanging flap just above the 

Eilmorie  ventilator, so that  air cannot  be  driven,  during  the  time of 
high  water  by a heavy sea, into  the  town ; there  are also several 
man-holes not used as ventilators.  The flow of sewage is con- 
tinuous, so that sewer gas is not  generated  to  anything  like  the 
same  extent  as  in  the  “tank  sewers”  that  give  an  outfall  to 
several  fashionable watering places. 

Large catch-pits  for  intercepting  the  road  detritus  have been 
made a t  Long Avenue,  Belgrave Road, Fleet  Street, Babbacombe 
Road and Meadfoot Road; they  require  tobe cleared outfrequently in 
wet weather, but  there  has been no deposit in  the high-level sewer. 

The discharging  capacity of the high-level  sewer,  when  full, is 
8,380 cubic  feet per  minute.  After  continuous  rain the discharge 
has been 4,380 cubic  feet  per  minute, or  about  thirty-three  times 
the  rate of the average dry-weather flow. 

The sewage escapes at   the outfall  by  an  excavated  channel  into 
the sea, whence it goes out  in  nearly a straight  line  in  the direc- 
tion of the sewer through  the  hill,  and is seldom  deffected to 
one  side  or  the other. In calm weather, and in  particular  states of 
the atmosphere, there is no difficulty in  tracing the sewage for a 
considerable distance, and it has been repeatedly observed that 
under no circumstances does it ever return  into  the bay. The  tidal 
scour a t   the  point of outfall is so strong  that  the rocks on the fore- 
shore do not  exhibit  any  trace of sewage, 

In conclusion, the Author  wishes to express his belief, that  the 
successful execution of Sir Joseph Bazalgette’s bold and  simple 
design is in a great  part  due  to  the skilful and economical  manage- 
ment of Mr. Phillips. 

The  Paper  is accompanied by  sereral drawings, from which 

[APPENDIX. 
Plates 4 and 5 have been prepared. 
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APPENDIX I. 
LIST OF MATERIALS OF WHICH  THE  DIFFERENT  PARTS  OF 

THE INGERSOLL  ROCK  DRILL ARE MADE. 
CAST IRON. 

Cylinder : steam  chest : steam  chest  cover:  cylinder  gland ; top  cylinder cover ; 
saddle  back of machine. 

CAST STEEL. 
Feed  ratchet  gland;  drill  clip ; stuffing box. 

BEST  CAST TOOL STEEL,  WROUGHT. 
Rifle  ratchet ; feed  ratchet. 

WROUGHT  STEEL. 

knuckle joint  pin ; feed pawl ; rifle pawl : valve  face ; spring  pawl ; pin for spring 
Piston  and rod ; valve:  feed  spindle ; feed tappet  arms (two) : knuckle  joint : 

pawl ; top valve  tappet ; bottom  valve tappet ; feed  tappet ; rifle ; rifle nut ; 
valve  stem : feed  adjusting  screw ; drill key and bolts  for drill clip. 

PHOSPHOR BRONZE. 

WROUGHT IRON. 
Tappet gland. 

Feed screw ; feed  spindle cover ; bracket  and  handle for feed screw, and  all 
other  bolts and studs not  otherwise specified. 

SPECIFICATION FOR TRIPOD. 

and  pinned  into  quadrant. 
Two  side  screws for quadrant,  wrought  steel.  Legs,  wrought-iron  tube,  screwed 

Lengthening  pieces  wrought iron, steel  pointed, ioints hardened. Three 
nuts orcast iron.' 

Cast  malleable iron  quadrant  for  tripod, No. 30. Cast  steel. 

- I "  

The box  collar,  clamp, and  set screws.  Wrought-iron  cup for saddle, No. 29. 

APPENDIX 11. 

STATEMENT  of the EXPENDITGRE of the TORQUAY LOCAL BOARD in CONNECTION 
WITH THESE WORKS. 

Particulars of the expenditure to the time of the contract being determined  by the 
Board. 

By contractors . . . . . . . . . . . 4,600 0 0 
l, commission, salaries,  purchase of land, &c. . . 1,853  9  1 

E. S. d. S. S. d. 

6,453 9  1 
Particulars of the expenditure of the  Board i n  carrying out the works 

other than by contract. 
€. S. d. E. S. d. e. S. d. 

3,351  6 5 ,, materials . .16,098  15 5 
By plant . . . 4,752 2 5 

ceipts. . . . ,, establishment . 4,668 9 8 

66,145 6 0 ,, contingencies . 1,349 10  11 
labour . . .35,494  11  9 

engines, &c. .} 438 19 9 

tees . . . 

Balance  cost of the 

Board. . . . ,l water - pressure 

69,496  12 5 

Amount of work executed not included in original  contract . . 19,229 2 3 

69,496 12 5 
E. S. d. 
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APPENDIX 111. - 
PARTICULAKS O f  EXPENDITURE. 

- __..I__ 

EXPENDITURE TO THE TIME OF CONTRAC’I 

To contractors . . . . . . . 
BEING DETERMINED. 

,, commission, salaries,  purchase of 
land, &c. . . . . . . ., 

&PENDITURE 1N CARRYING ON THE WORK 
OTHERTHANBYCOWTRACT. 

Plant. 
To horses . . . . . . . . . 
,, carts  and wagons . . . . . 
,, harness  and  stable  fittings, &C. . 
,, tools, ironmongery, &c. . . . . 
,, gear, engines, pumps, &c. . . . 
,, railway  metals . . . . . . ,, timber  rail . . . . . . . 
,, mortar  mills  and pug mill . . . 
,, steam  crane . . . . . . . 
,, office furniture,  instruments, &c. . 
r, boring maehinery . . . . . 
,, iron  pipes . . . . . . . 

illaterial. 
To timber . . . . . . . . 
,, stone and  sand . . . . . . 
,, lias lime, cement, &c, . . . . ,, bricks. . . . . . . . . 
,, drain  pipes . . . . . . . ,, powder, dynamite, &c. . . . . 
,, steel, iron bar pipe,ironmongery, &c. 
,, coal, coke, tar, &c. . . . . . 
1, rope, &c. . . . . . . . . 
,, candles, benzoline, &c. . . . . 
,, hay, corn, straw, &c. . . . . 

T 
Amount. 

E. S. d. 

4,600 0 0 
1,853 9 1 

I 

911 0 0 
130 5 0 
138 1 10 
190 7 1 
628 14 7 
285 2 3 
425 15 3 
160 16 11 
353 G 2 
84 14 G 

1,395 4 6 
48 14 4 

Establishment . . . . . . . 
Labour . . . . . . . . . 
Contingencies, including  land, 

pensation, rents, &c. . . . . . 
To water-pressure engines  and pumps. 
,, Contractors’ Trustees under award 

of Registrar . . . . . . 
’ I- 

Total 

828 5 5 
2,226 6 8 
2,212 18 8 
2,678 19 11 

2,461 6 3 
763 8 5 

1,730 0 10 
933 15 0 

G 1  6 5 
588 0 ‘S 

1,614 7 2 1 

Total Amount. 

E. S. d. 

.. .. 
6,453  9 1 

.. .. 

.. .. 

. I  .. .. .. .. .. .. .. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. 
4,752  2 5 

. .. 

. .. . .. 

. .. 

. .. 

. .. . .. 
.. .. ..  .. .. .. l 

I 16,098 15 5 1 

- 
?ercent- 
age of 

€69,496. 

6.62 
2-67 
9.29 
- 

1.31 
0.19 
0.20 
0.27 

0.41 
0.91 

0.61 
0.23 
0’51 
0‘12 
2.01 
0.07 

3-16 

4,668 9 8 
4,&8 9 8 

.. 
51.07 .. 35,494 11 9 

6.71 

0.63  

1,349  10 11 1.95 

i 38  19”9 
, 240 13 5 .. 0.35 

i40 13 5 
1 . . . . . 69,496 12 5 

-p- 35,494 11 9 

1,349 1o‘il 
438 19  9 
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COST of the WALDON HILL  TUNNEL. 
Cost per Lineal 

Foot. 
298 lineal  feet  driven from Torbay Road :- 

. . . . . . . . .  
Materials 
Wages . . . . . . . .  
Carting (horse-labour  only) . . .  

€. S. Q. . . .  1 3 1 0 2  

. O O S Q  

. 0 5 8  

- 

. .  . .  

359 lineal  feet  driven from Swan Street :- 
Wages . . . . . . . . .  
Materials . . . . . .  
Carting  (horse-iabour only) . . .  

Average cost of driving 657 feet 

Cost of trimming tunnel  per  lineal foot :- 

Wages . . . . . . . .  
Materials . . . . . . . .  
Carting  (horselabour only) . . 

1 10 3.3 

. .  . l 4 9  . 
0 0 8 4  

. . O S 4 6  . . .  
1 11 10 

. . .  111 02 

Average cost of driving  and  trimming' . 1 13 4 
Cost of lining  tunnel . . . . . .  0 2 8 

Total cost of completed  sewer . . . .  1 16 0 

APPENDIX V. 

COST of the MEADFOOT TUNNEL. 
- 

Carting. 

only.) 
Materials. (Horae-Labour Total. 

289 7 0 

27 7 6 
3,022 9 8.3 184 17 6 
1,762 9 94  134 12 6 
4,853 4  96 

744 15 62 

636 4 6 10,382 19 103 

d. S. d. 5. S. d. 

-- 

Per cent. 73.40 

Totalcost, 4,183 lineal  feet, 210,382 19s. load., or $2 98. 72d. per lineal foot. 

.. 6.12 
-- 

$1 13s.  4d. per lineal foot is  equivalent  to 21 198. 2d. per  cubic yard of 
rock excavated. 

[THE INST. C.E. VOL. m.3 Y 
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APPENDIX VI. 

DETAILS of the COST of DRIVINQ the MEADFOOT TUNNEL. 

- 

No. 9  shaft, 2,036 lineal  feet :- 

Miners’ wages . . . . . . . . 
Repair of drills . . . . . . . . 
Materials used by miners . . . . . 

No. 8 shaft,  533  lineal  feet :- 

Miners’ wages . . . . . . . . 
Repair of drills . . . . . . . . 
Materials used by miners . . . . . 

No. 6  shaft, 1,173 lineal  feet :- 

Miners’ wages . . . . . . . . 
Repair of drills . . . . . . . . 
Materials  used by miners . . . . . 

No. 5 shaft, 441 lineal feet :- 

Miners’ wages . . . . . . . . 
Repair of drills . . . . . . . . 
Materials  used by miners . . . . . 

Lineal Feet. 
SUMMARY. 

2,036 No. 9 shaft. . . . 2,905 7 63 
533 ,, 8 ,, , . . . 1,045 13 7 

1,173 ,, 6 ,, . . . . 1,752 0 1 

€. 1. d. 

441 ,, 5 ,, . . . . 382 15 O* - 
4,183  6,085  16 3 - 

Average cost per lineal foot for drivi~ 

Total Cod. 

d. S. d. 

2,484 0 0 
75 2 34 

346 5 3 

2,905 7 64 

:est per Lineal 
Foot. -- 

S. S. d .  

1 4 44 
0 0 84 
0 3 44 

1 8 62 

839 5 3 
50 4 0 

156  4  4 

1,045  13 7 

1,448 0 4 
67  9  4 

236 10 5 

1,752 0 1 

361 10 6 
12 13 1 
8 11 53 --- 

382 15 08 

. . . .  

111 6 
0 1 log 
0 5 10) 

1 19 2$ 

1 4 S* 
0 1 12 
0 4 O $  

1 9 104 

0 16 44 
0 0 7  
0 0 42 

0 17 4$ 

1 9 13 
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COST of the KILMORE TUNNEL. 

Dri~ ing .4 ,564  lineal feet  E10,701 9.9. 6d., including shafts, or $2 6s. load. 
per lineal foot. 

Trimming.-4,564 lineal feet :- 
Per Lineal 

Total. Foot Run. - - 
€. S. d. 

Labour 1,935  4 0 8 59 
Materials . . . . .  359 1 8 1 62 

S. d. . . . . . .  
- 

Total . . .  2,294  5  8 10 0: 

Lining :- 
-- 7 

%:zl Inches. 
1,427  3 9 1  

2,575 9 one-half, lined (invert). 
,, concrete. 

197 6 completely lined in brickwork. 

84 0 one-third (invert). 
279 6 not lined. 

4,564 0 

Cost of lining,  including  shafts :- 
d. S. a. 

Labour . . . . . . . . . . .  883  11  8 
Msterials . . . . . . . . . .  479 11  74 

1,363  3 39 

Total cost  of 4,564  lineal feet :- 
S. S. d. €14,358 188. 5td. 

Percentage of 

Driving . . . . . .  10,701  9 6 74.53 - 
Trimming . . . . .  2,294 5 8  15.98 
Lining . . . . . .  1,363  3 39 9.49 

14,358 18 52 100.00 
- 

€. 8.  d. 
Cost per lineal foot . . . . . .  3 2  11 

Downloaded by [ University of Liverpool] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



164 CHATTERTON ON TORQUAY DRAINAGE. minutes of 

c 

Downloaded by [ University of Liverpool] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



PLATE.  4 

d 

\ 

T 0 K 

P L A N  O F  T O R B A Y  S H E W I N G  P O S I T I O N  

O F  T O R Q U A Y   O U T F A L L  S E W E R .  

9 7 F S t S i 1 9  I 7 8 4 &fil,cr 
Scale. of Statufo azc.3. 

TKO*ELL&SON,UIH. COKWG SF COYENT GARDEN 

Downloaded by [ University of Liverpool] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



M E T H O D  OF T I M B E R I N G  I N  Slh(PT; G R O U N D  

C R O S S  SECTION OF I '  6" SEWER. 
CROSS SECTION OF 2'. 6" SEWER.  

E 9 :  9 

CROSS  SECTION OF 2 ' .  6 " x  1'.8" SEWER 

CROSS SECTION EAST OF ABBEY CRESCENT' 
BRICKWORK L I N I N G  A N D  CENjTERING. 
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